Abstract. Twenty-five dogwood accessions (one Cornus kousa, three C. kousa · C. florida hybrids, and 21 C. florida) were characterized using amplified fragment length polymorphism. Among the C. florida accessions, four were named cultivars and 17 were selections from Tennessee State University's dogwood breeding program. Amplified fragment length polymorphism band profiles obtained from 13 EcoRI/MseI (+3/+3) primer pairs showed the presence of high genetic diversity between species and within the C. florida accessions. Each accession was distinctly different from each other, and the resistant clones clustered into distinct groups.
Powdery mildew is the most serious disease that affects flowering dogwood (Cornus florida L.) in the southeastern United States. Currently, only two powdery mildewresistant cultivars are available commercially: ÔCherokee BraveÕ and ÔFragrant CloudÕ (Mmbaga and Sauvé, 2004b) . However, most Japanese dogwood (C. kousa) cultivars and most Japanese interspecific hybrids (C. kousa · C. florida) are resistant (Mmbaga and Sauvé, 2004b) . Current disease management practices for this disease relies on the routine application of fungicide (Mmbaga and Sauvé, 2004a, b) .
Polymerase chain reaction (PCR)-based techniques have been used extensively for the identification of molecular markers in plants (Sauvé et al., 2005; Wechter et al., 1995; Weising et al., 1995; Welsh and McClelland, 1990; Sauvé, 2002, 2006) . The amplified fragment length polymorphism (AFLP) technique is one of the most reliable methods for genomic analysis (Jiang et al., 2000; Vos et al., 1995; Sauvé, 2002, 2006) . The objective of this study was to characterize 12 of our 35 most horticultural desirable powdery mildew-resistant clones using AFLP markers and to compare the relationships between resistant and susceptible cultivars.
Materials and Methods
Plant material preparation. Twenty-five dogwood selections that were previously characterized for powdery mildew resistance/susceptibility were used for this study (Mmbaga and Sauvé, 2004b) . They included four clones of named C. florida cultivars, one C. kousa, three C. kousa · florida hybrids, and 17 C. florida selections collected in the wild. Of the wild selections, 12 were resistant and five were susceptible to powdery mildew (Table 1) .
DNA extraction and analysis. DNA was isolated from terminal bud tissue collected from each plant using a DNeasy Plant Mini Extraction Kit (QIAGEN, Santa Clara, Calif.). The presence of DNA was verified in a 2% agarose gel and concentrations were quantified using a Hoechst dye-based fluorometer (Hoefer Scientific Instruments, San Francisco, Calif.). AFLP-based fragments were generated via PCR using an AFLP System-Analysis Kit (Invitrogenä Life Technologies, Carlsbad, Calif.) with EcoRI/ MseI primer pairs.
DNA templates were prepared by the digestion of 20 ngÁmL -1 genomic DNA with EcoRI and MseI restriction enzymes at 37°C for 3 h and confirmed in agarose gels. Restriction fragments were ligated for 3 h at 37°C to EcoRI/MseI adapters. The ligation mixture was diluted 10-fold with sterile distilled water, and fragments were preamplified using 30 PCR cycles of 94°C for 30 s, 56°C for 60 s, and 72°C for 60 s using Life TechnologiesÕ primers in the preamplified primer mix (Vos et al., 1995) . Preselective amplifications were performed in a Techne Progeneä (Princeton, N.J.) thermal cycler. Selective primers were obtained from Life Technologies. Preliminary experiments with EcoRI + three bases and MseI + three bases resulted in the generation of many polymorphic DNA fragments. A total of 18 selective 
, and E-AGG/M-CTG) were screened on all accessions. Selective PCR was done using amplification temperature of one cycle at 94°C for 30 s, 56°C for 30 s, followed by 30 cycles at 94°C for 30 s, 56°C for 30 s, and 72°C for 60 s. The PCR products were separated by electrophoresis in a denaturing polyacrylamide DNA sequencing gel containing 7.5 M urea.
The AFLP gel was visualized using the silver staining procedure following Promega's protocol (Madison, Wisc.). The presence or absence of bands was scored and used to determine the association among genotypes. Only bands with a 65% brightness level or higher were scored and used in the analysis (Rohlf, 1992) . The similarities between different accessions were determined using PHYLIP's Phylogeny Inference Package (version 3.5), the general bootstrap tool SEQBOOTÓ (University of Washington), and the matrix of the genetic distance method described in RAPDistance v1.04 (Armstrong et al., 1996) . Euclidean distances were used to generate a tree using the Phylogeny Inference Package program for DRAWGRAM (PHYLIP, version 3.5c Univ. of Washington, Seattle).
Results
Out of 18 primer pairs, 15 produced polymorphic bands and three produced monomorphic bands. These primer pairs revealed a large number of polymorphic fragments. With each primer pair, between 20 and 42 loci were revealed for each of the 25 dogwood accessions evaluated (Table 2 , Fig. 1 ). AFLP analysis was repeated once with all primer pairs and twice with pairs that had missing data. After three repeats, primer pairs with missing data were discarded. Only 10 primer pairs (55.5%) were used to determine the associations among the 25 accessions. Only 61% of the bands (260) were used to determine the association between the genotypes (Fig. 2) . Most C. florida accessions, with the exception of ÔOzark SpringÕ, grouped together and were distinct from C. kousa and the C. kousa · C. florida hybrids, which shared relatively high bootstrap values. Of the C. florida accessions, ÔOzark SpringÕ, accessions WR-19 and WR-16 were genetically distinct and distant from each other and from the other C. florida accessions and shared low bootstrap values (Fig. 2) . Overall, no two accessions were identical; however, most selections that originated at a specific location grouped close to each other (Fig. 2) . Accessions MI-2, MI-5, and MI-6 (which originated in Coffee County, Tenn.) grouped closely together (higher bootstrap values); and accessions RN-13, RN-23, and RN-20 (which originated in Dekalb County, Tenn.) grouped closely together with ÔCher-okee PrincessÕ, ÔPurple GloryÕ, and ÔRainbowÕ. Such clustering indicated that the three named clones may be related to the new clones from Dekalb County. The C. kousa · C. florida hybrids ÔCelestialÕ, ÔRuth EllenÕ, and ÔStellar PinkÕ were all different from each other (with relatively high bootstrap values) and from all other accessions (Fig. 2) .
Discussion
Previous investigators suggested that the genetic diversity in flowering dogwoods was low and that some cultivars were genetically similar (Caetano-Anolles et al., 1991; Windham Table 2 . AFLP markers produced by 13 selected primer pairs among dogwood accessions and percent polymorphism reflecting the number of total bands from each primer that distinguished at least one accession. Polymorphism was considered strong or weak on the basis of very strong bands on all accessions (++++) or very weak bands (+). Some genotypes did not show any bands with the particular primer pair and the negative numbers indicate the number of accessions that did not show any bands after the analysis was repeated three times. Fig. 1 . Polymorphism detected by AFLP analysis using the selective primer pair E-ACC/M-CTT on 25 dogwood genotypes. Lane labels: M, 100 bp molecular marker; lanes 1 to 3 and 25, C. kousa · C. florida hybrids; 1 and 26, ÔStellar PinkÕ; 2, ÔConstellationÕ; 3, ÔRuth EllenÕ; 4, C. kousa ÔMilky WayÕ; lanes 5 to 8 are named C. florida cultivars; 5, ÔOzark SpringÕ; 6, ÔRainbowÕ; 7, ÔPurple GloryÕ; 8, ÔCherokee PrincessÕ; lanes 9 to 25 are C. florida selections; 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, and 25, and Trigiano, 1998). This study indicates that there is a higher level of genetic diversity within the evaluated accessions than was previously believed. All the C. florida accessions used in this study were derived from open pollination, and most shared relatively few molecular sequences, as shown by the relatively low bootstrap values. All our new powdery mildew-resistant selections produce abundant white blooms and are morphologically and phenotypically distinct from ÔCherokee BraveÕ. Resistant selections MI-5, MI-6, and MI-2 formed a close cluster and are morphologically very similar. Selections RN-13, RN-23, and RN 20 formed another group close to the three named susceptible cultivars (ÔPurple GloryÕ, ÔRainbowÕ, and ÔCherokee PrincessÕ). Resistant selections RN-9, RN-6, RN-3, and WR-20 formed a separate group that was separated from selections RN 13, RN23, and RN 20 (Fig. 2) . The separation of resistant accessions into separate groups suggests that different mechanisms for resistance could exist.
The new disease-resistant selections used for this study are providing new resources to our dogwood breeding programs. Many disease-resistant C. florida accessions shared relatively high bootstrap values. They clustered together (RN 9, RN 6, RN 3 and WR 20) . The molecular markers that allowed them to cluster could be used to develop new resistant cultivars. These polymorphisms could also be used for tracking the genetic inheritance within a progeny (Arnholdt-Schmitt., 2000; Zhou and Sauvé, 2006) . If AFLP molecular markers can be linked to disease resistance, plant breeders would be able to identify disease-resistant accessions early during the selection process.
